Objective: To discuss the methods employed to evaluate the effectiveness of clinical surface cleaning and disinfection (C&D). Method: This is a theoretical reflection based on scientific studies and the experience of the authors. Knowledge and current gaps, the need for further studies, and practical application of the methods were approached. Results: There are four main methods used to evaluate the effectiveness of clinical surface C&D: visual inspection, fluorescent markers, microbiological cultures, and adenosine triphosphate (ATP) bioluminescence. The first two are used to evaluate the process and to predict adherence to protocols by the staff, and the last two are employed to evaluate the results, therefore being the most relevant to assess the risk of infection. Final considerations: The ideal method was not found, because all of them showed limitations. There is a need for strategies to optimize the precision of these methods.
INTRODUCTION
Over the past years, a step forward has been taken with discussions and studies by researchers, health institutions, and organizations regarding the role facilities play on the incidence of healthcare-associated infections (HAI) (1) . As a result of the growing body of evidence linking facilities with HAI transmission, greater attention has been given to sanitation and forms to improve the effectiveness of clinical surface cleaning and disinfection (C&D) practices, with an aim at reducing cross infection (2) .
Even with proper hand hygiene, C&D measures have shown some flaws. As professionals touch contaminated surfaces near patients, the hygiene effect may be invalidated by transferring pathogens from one patient to the next, which leads to the occurrence of HAI, thus increasing morbidity-mortality rates, hospital stay, and additional costs with material and human resources.
Studies have demonstrated that there is greater risk of HAI when patients use beds that were previously occupied by patients who were colonized or infected by healthcare-associated pathogens, such as methicillin-resistant Staphylococcus aureus (MRSA), Clostridium difficile, Vancomycin-resistant Enterococcus (VRE), and multidrug-resistant Gram-negative (MDRGN) agents. These agents often contaminate clinical surfaces near patients and may lead to the transmission of pathogens, representing a primary source of contamination for health professionals' hands and/or gloves (3) (4) .
Currently, there are many unanswered, controversial or conflicting questions about C&D regarding strategies for HAI control compared to other actions, such as patient monitoring, use of isolation, hand hygiene, and antimicrobial regimen. The evidence is still incipient and lacks qualitative and quantitative improvements. The consensus is that the C&D process is subject to discussion on its rules, rates and, most importantly, procedures, equipment, and benchmark related to quantitative monitoring methods for surface C&D (5) .
Healthcare facilities are often evaluated only by visual inspection, which may meet the aesthetic parameters, but cannot avoid risk of infection for patients. Therefore, the Centers for Disease Control and Prevention (CDC) (6) and the Brazilian Health Regulatory Agency (ANVISA, as per its acronym in Portuguese) (7) started to recommend that hospitals assure proper procedures for surface C&D and carry out continuous monitoring to guarantee the quality of their procedures. However, it is not clear which methods are ideal for the monitoring, and there was no specification on how this is supposed to be achieved (2) (3) 8) .
OBJECTIVE
To discuss the methods employed to evaluate the effectiveness of clinical surface C&D.
METHOD
This theoretical and reflective study was based on scientific articles published in journals indexed in the Virtual Health Library (VHL), the US National Library of Medicine (PubMed), Scopus, and the Web of Science databases. The basic database form was used for the following search strategy: "Method*" AND (Evaluate* OR Assessment) AND (Clean* OR Disinfecti*) AND (Environment* OR Clinical surfaces). Titles and abstracts of the resulting articles were read to select the most relevant, in which 10 were elected by consensus among three researchers for critical analysis, reflection, and text design.
The analysis showed four main methods used to evaluate the effectiveness of C&D in healthcare institutions: visual inspection, fluorescent markers, microbiological cultures, and ATP bioluminescence (1) (2) 5, (9) (10) (11) (12) (13) (14) (15) . A synoptic chart was created to extract the following aspects for reflection: principles, indications, operation, benchmark (cut-off point), effectiveness, and advantages and disadvantages of the methods. Based on the synoptic chart, the reflective text was designed.
RESULTS
There are currently four main methods used to evaluate the effectiveness of clinical surface C&D: visual inspection, fluorescent markers, microbiological cultures, and ATP bioluminescence. The first two are used to evaluate the process and to predict adherence to protocols by the staff, whereas the last are employed to evaluate the results, therefore being the most relevant to assess the risk of infection
DISCUSSION

Visual inspection
The visual inspection of healthcare facilities is the most commonly used method worldwide to evaluate the effectiveness of C&D. (2, 4, 10, 12) It detects gross practice flaws, such as visible dirt, dust, waste, stains -including from patches -cracks on surfaces, and humidity. (2, 10, 12) Therefore, it helps to evaluate individual performance of the janitorial staff. Nevertheless, it has been well documented that visual assessment is a poor indicator because of the subjective characteristics from each evaluator related to what is cleaned or dirty (2, 12) . In addition, the professional that performs the inspection often tends to concentrate in some areas, such as floors and walls, which have limited relevance in the transmission of pathogens (2, 10) .
Studies have reported that subjective (visual inspection) and objective (ATP bioluminescence, aerobic culture, fluorescent markers) analyses -when carried out prior and after a routine cleaning protocol -are capable of demonstrating a significant increase in the proportion of surfaces that are considered cleaned, after the protocol implementation (3, 12) . However, there is evidence that visual inspection, when performed separately, increases significantly the proportion of surfaces considered cleaned, even after terminal cleaning (1, 4, 9, 11) . A study that assessed 124 articles identified that 17 to 93% more surfaces were considered "cleaned" by visual inspection compared to other evaluation methods (8) .
This finding may be explained by the high sensitivity (95%) and very low specificity (9%) of visual inspection, when compared to aerobic culture as a "reference" (3, 12) . In short, visual inspection alone can be a poor indicator of C&D quality, because more contaminated surfaces may be classified as cleaned (10) (11) . The
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use of other methods, such as fluorescent markers or ATP bioluminescence, provides a slight increase in specificity, but with a decrease in sensitivity (10) . Therefore, visual evaluation of surfaces proved to be less reliable for monitoring surface C&D, when the comparison to quantitative methods to document the results of this practice becomes relevant (11) .
Fluorescent markers
In recent years, fluorescent gels, powders, and lotions were developed to mark objects submitted to cleaning. As a result of severe limitations in the last two years related to scattering (powders) and removal (lotion, when submitted to dry air), there are few or no experience published on the application of these methods as monitoring strategies for sanitation practices in hospital settings (10) .
In contrast, fluorescent gels have been widely used to evaluate the quality of cleaning. This method involves the application of an invisible gel, which quickly dries in contact with the surface and is resistant to dry friction, but can be easily removed with friction if wet. The gel is visible only through ultraviolet (UV) light, thus, cleaning precision is assessed by applying UV light on the areas where the gel was applied before cleaning (6) . Studies carried out with this method reported recurrent practice flaws during surface C&D (11, 13) .
In short, the fluorescent gel is used to indicate the physical removal of a given substance applied. Additionally, when it is inspected by UV light, the lack of stains indicates that sufficient friction was applied to the cleaning (4) , but this does not guarantee that the surface is microbiologically safe, since the method is unable to detect microorganisms. Therefore, the results must be interpreted with caution, because surfaces that are effectively disinfected, but less effectively cleaned, may be labeled as dirty and vice-versa (6) ; thus, its use during outbreaks must be adjuvant.
Microbiological cultures
Microbial culture methods have been widely used to evaluate the contamination of hospital facilities in different studies (2, 6, (8) (9) (10) (11) (12) (13) . In modern hospitals, samples of target surfaces (mattresses, stethoscopes, toys, etc.) have been studied applying culture techniques. The method consists of obtaining samples potentially impregnated by microorganisms submitted to culture medium with favorable conditions for their growth (substrate, pH, oxygenation, water) (3, 10, 12) .
Culture results are expressed as colony forming units (CFU) of total aerobics (2, 12) or specific microorganisms, such as S. aureus (10) and C. difficile (4, 11) . This kind of investigation is generally recommended only as part of an epidemiological investigation, with ongoing outbreaks, as a research study, or as part of the evaluation process or policy (12) , since the time needed to count the colonies and to identify the pathogens may take at least two days, apart from being expensive (11, 13) .
Cultures provide the most precise indication for risk of infection, because they are able to detect and quantify a wide range of viable microorganisms. Microbiological methods can produce results with high specificity, sampling techniques provide varied sensitivity, and often underestimate the bioburden on a surface, which hinders a precise evaluation of surface contamination in terms of comparability (2, 6) . However, it is a user-friendly method applied by several institutions, including the food industry and, most recently, hospitals.
The most frequently cut-off point used in the studies for surface approval is <2.5 UFC/cm 2 for aerobic colony count (2, 4, 6, (11) (12) (13) and <1 UFC/cm 2 for hospital pathogens (MRSA, VRE, C. difficile, etc.) (5) . However, there is not yet a universally accepted benchmark, given that the studies use other benchmarks, such as5 UFC/cm 2 , and methodologies vary considerably (9) (10) (11) (12) (13) .
The most reliable indicator of environmental hygiene for healthcare facilities is the presence of coagulase-positive Staphylococcus, since it survives for months on hospital surfaces. (10) Studies that investigate the application of microbiological guidelines in healthcare units have used both S. aureus and MRSA to help monitoring the C&D (5, 10) .
Adenosine triphosphate bioluminescence
Adenosine triphosphate is the main energy carrier of all human beings. Its presence in the cells is a strong indicator of living organisms (4, 14) . ATP bioluminescence is a method that measures the quantity of organic ATP present in a sample. Using a specific swab, the organic matter present on the surface is collected and transferred to a detection device that is made up of an enzyme substrate compound (luciferin-luciferase). The reaction formed by contact of the sample with this compound releases a type of light, similar to what happens with a firefly, and its intensity is measured by portable luminometers that show the result in relative light units (RLU). The quantity of RLU is proportional to the quantity of ATP, which in its turn is proportional to the density of the organic matter (1, 4) .
This method has become popular, but there are still controversial issues (2, 11, 13) and limitations (Table 1) , which require robust investigations. Depending on the luminometer brand or model and setting to be monitored, the benchmark of ATP bioluminescence systems may vary considerably. In healthcare units, reference levels vary considerably from 25 to 500 RLU per 10 to 100 cm 2 of surface (5) . This variation is due to the wide range of commercialized devices, systems, and reagents (6) . The benchmarking must be specific, according to local characteristics related to room temperature, humidity, nature of the surface, type and level of association with the organic matter, risk of infection in the unit, local pathogenic epidemiology, and presence of outbreaks (4) .
It is important to measure ATP 10 minutes after cleaning with detergent or disinfectant. This procedure allows complete surface drying, and prevents alterations in RLU readings due to the contact between sanitizing and reagents. Even so, the correlation between ATP levels and microbial contamination is unknown (2, 10, (12) (13) . Additional investigations are necessary to determine the threshold for the ideal ATP value, in order to define whether a given surface is properly cleaned (15) , and with the challenge of correlating the value with a decrease in infections. The sensitivity and specificity of the luminometers or trial systems may differ significantly, such as chemical reactions, light detection systems, among others (11) .
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Similar to the fluorescent gel, and due to the great amount of microbial ATP of unknown origin on surfaces, ATP readings on surfaces that are properly disinfected, but less properly cleaned, may be more frequently disapproved when compared to culture techniques (6) . Regardless of whether a considerable variation may occur between readings and the sensitivity of the systems commercially available, very low readings are typically associated with low aerobic colony counts on surfaces (10) . Currently, there are systems already available that measure ATP of microbial origin only.
ATP reading may be jeopardized by several factors, such as the presence of residual detergents or disinfectants, such as sodium hypochlorite, which is contraindicated for ATP measuring, including corroded surfaces, plasticizers found in microfiber cloths or ammonium compounds found in laundry products (5, 8) . The attempt to correlate RLU with the amount of microorganisms on surfaces has been widely discussed among researchers to try to standardize the ATP bioluminescence method as a replacement to other methods. However, this issue is controversial, because the presence of ATP is conditioned to the amount of animal or vegetal organic matter and not necessarily of microorganisms. Therefore, the lack of a correlation or a poor correlation between RLU and the presence of microorganisms may be due to several factors, such as variations on the size and type of microbial cells and in their development stage (14) . The main advantages and disadvantages of the four methods used to evaluate surface C&D practices are summarized in Chart 1.
Study limitations
There are few or no studies correlating quantitative and qualitative data from methods of evaluation of the effectiveness of clinical surface C&D with results for health care, including infection-association health care. Therefore, this study provides resources for choosing methods and strategies for monitoring the quality of surface C&D. Clinical trials must be carried out to determine the best indications (outbreak, routine, research, etc.) for these methods, as well as their cost-benefit, and respective impacts on healthcare indicators.
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surface C&D goes much further than meeting mere aesthetic obligations, considering that it is an important variable related to patient safety.
FINAL CONSIDERATIONS
The ideal C&D method should be able to determine whether a surface was cleaned, taking into account the levels of organic matter and microorganisms present, the risk of infection, the presence of MDR pathogens, as well as being cost-effective, replicable, user-friendly, and quick. Therefore, the development of new technologies and innovations is strongly recommended, such as the improvement of monitoring methods for surface C&D in healthcare services.
The prevention of pathogen transmission is unquestionably one of the major challenges of this new millennium. One to the main strategies to overcome this challenge is the maintenance of the surfaces of facilities in proper sanitary conditions to limit the spread of pathogens and/or the acquisition of antimicrobial resistance. There is still a lot to improve, but at least there are alternative methods to visual inspection already available to evaluate the effectiveness of C&D. 
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